The effect of microgravity on functional development of the small intestine of Japanese quails incubated for 2-3 d and hatched on the orbital station MIR was examined. After 5 d of space flight duodenal and jejunal alkaline phosphatase (AP) activity of the experimental group was compared with the AP activity in quails of the same age hatched on the Earth (laboratory controls). Shortterm microgravity leading to decreased food intake resulted in significant increase of AP activity in both duodenal and jejunal enterocytes (P < 0.001) of the experimental quails. The results suggest that increased AP activity probably reflects the delayed functional development of the small intestine as a consequence of inapropriate food intake during non-physiological conditions of space flight.
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The replenishment of human food supply is a principal question for a long-term space mission. The prolonged space flight conditions on orbital complexes require a closed ecosystem in which the plant biomass is transformed to high quality proteins. The effect of a weightless environment has been extensively studied on the animal model of Japanese quail that has been compared other birds proposed as more efficient converters of feed to meat and eggs . It was observed that after a short-term space flight adult quails displayed only reversible ultrastructural changes in the tissues of the skeletal muscle, testes and kidneys (Koãi‰ová et al. 1993; Cigánková et al. 1993) , and the microstructure of the small intestine as well as spontaneous feeding of the birds were not seriously impaired (Koãi‰ová et al. 1993; Ko‰Èál et al. 1993) . On the other hand, nonphysiological conditions of space flight during embryogenesis lead to a lower hatching rate, higher frequency of deviations in organ and brain development Guryeva et al. 1993; Lychakov et al. 1993) , and to disturbances in the locomotor activity and in consequence in inability to feed properly after hatching in these quails (Boìa et al. 1991; Ko‰Èál et al. 1993) .
Embryonic and early post-hatch development of the birds is a period with rapid morphological and functional development of the gastrointestinal tract (Baranyiová 1972) . Changes in nutrition from the first day after hatching when the yolk sac rich in lipids is progressively replaced in the birds by a solid diet rich in carbohydrates (Buddington and Diamond 1989) are also related to morphological (Baranyiová and Holman 1976; Uni et al. 1995) and enzymatic changes in the small intestine (Uni et al. 1998) . Among the enzymes of the small intestine alkaline phosphatase (AP) is a representative brush border enzyme functionally involved in the active uptake of nutrients (Takase and Goda 1990; Bernard et al. 1992 ) and has been considered to be an enterocyte maturation marker (Weiser 1973; Henning 1981) .
The morphological and functional evolution of the small intestine has been well documented in intact embryonic (Moog 1950) and posthatch chicks (Baranyiová 1972; Uni et al. 1998 ) and poults (Uni et al. 1999) . It was also demonstrated that early hormonal disbalances significantly changed the AP activity in chick embryos (Hinni and Watterson 1963; Moog and Richardson 1955) and that food restriction or fasting depressed the development of their intestinal mucosa for several days after hatching (U n i et al. 1998). At present time, however, no information is available about AP in Japanese quails or about the effects of non-physiological factors in relation to space flight on the functional development of their small intestine.
In present study the AP activity in the brush-border of duodenal and jejunal enterocytes of Japanese quails hatched after 2-3 days of incubation and followed by a 5 day-space-flight on the "MIR" orbital station was compared with enzyme activity in animals incubated and hatched on Earth under laboratory conditions.
Materials and Methods
After transport on orbital station MIR fertilized eggs of quails (Coturnix coturnix japonica) were incubated for 2-3 days at 39-40 °C (incubator IM-02). The space flight of the hatched quails lasted 5 days. Upon return to Earth, 11 h after landing, the animals (3 cockerels) were sacrificied and samples of the small intestine collected, frozen and stored at -18 °C for histochemical analysis. According to approved protocols samples of the duodenum and jejunum were obtained from three quail cockerels of the same age, incubated and hatched on Earth (laboratory controls). On the day of the experiment, a segment of the frozen tissue was cut at 7 µm in the cryostat at -25 °C, and the tissue slices were transported to glass slides and air-dried. From each tissue segment six sections were cut for enzyme assay.
Demonstration of alkaline phosphatase activity was performed using a modified simultaneous azo-coupling method according to Lojda et al. (1979) . The incubation medium contained naphthol AS-BI phosphate (Sigma, Deisenhofen, Germany), Fast blue BB (Aldrich, Germany), N.N-dimethylformamide (solvent for naphthol AS-BI phosphate) and veronal acetate buffer (pH 9.2). Incubation was performed at 37 °C for 10 min, using substrate concentration of 2.0 mM and pH of 8.9. Enzyme activity was cytophotometrically analysed with a Vickers M85a microdensitometer. The measurements were carried out by means of an × 40 objective, an effective scanning area of 28.3 µm 2 and a scanning spot of 0.5 µm. The integrated absorbance was measured at a wavelength of 480 nm. The mask was set over at least 30 brush border areas along the villus length (from the cryptal parts to the tip) in the duodenal and jejunal sections. AP activity was calculated as the absorbance values recorded by the instrument in min/mm -3 brush border ± SEM.
Statistical evaluation of the results was carried out by one-way analysis of variance (ANOVA). The significance of differences between the control and experimental animals was determined by using Tukey's test. brush border of the jejunal epithelial cell showed a substantially higher activity in quail cockerels exposed to non-physiological conditions of microgravity (Fig. 2) than in the birds hatched on Earth (Fig. 3) .
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Quantitative histochemical analysis of the brush-border-bound duodenal and jejunal alkaline phosphatase activity studied in the present experiment has provided information about the intestinal function in Japanese quails especially in relation to the effect of microgravity. The results revealed that duodenal and jejunal AP was significantly increased in experimental quails as compared to the Earth controls. The exact mechanism which induces such differences in enzyme activity has not been fully elucidated. It could be speculated whether the short-term incubation, space flight conditions on the orbital station or both may be of importance for the development of such functional changes in the small intestine. It is well-known that the intestinal growth and enzyme development are finely controlled in the embryonal and posthatch birds. Although the intestinal system of the chicks is anatomically complete at the end of embryonic life (Chambers and Grey 1979) , with the onset of food intake rapid changes in the dimensions and morphology of the small intestine occurred from day of hatching and continued to grow until 2 weeks (Baranyiová 1972; Baranyiová and Holman 1976; Uni et al. 1998 Uni et al. , 1999 . However, during this period the mucosal enzymes show different developmental time. In chick embryos the first appearence of AP in the brush border of the duodenum was histochemically demonstrated at 18 d (Moog 1950) . As the development proceeded AP activity increased and reached its maximum during the hatching period and decreased at about 2-4 days after hatch (Uni et al. 1998 ). In contrast, in poults AP activity increased just prior to hatch but changed only little thereafter (Uni et al. 1999) . From this point of view the significantly higher duodenal and jejunal AP activity observed in the experimental quails may be partly explained by the different enzyme development pattern due to non-physiological conditions; however, AP activity has not yet been examined in intact posthatch quails.
In chicks the timing of the first feeding has been shown to be critical for the development of the small intestine (Baranyiová 1972) . While feeding stimulated, delayed access to food after hatch for 1 to 5 days depressed the development of the intestinal mucosa (Baranyiová and Holman 1976; Uni et al. 1998) . Observations of the intestinal AP indicates that its activity is also directly related to the presence and the amount of food in the alimentary tract. It has been demonstrated that AP activity is closely related to the day-night fluctuation of food intake (Martinková et al. 2000) and decreased after fasting in neonatal (Baker et al.1987 ) and adult animals (Majumdar and Panda 1989) . On the other hand, food restriction had an opposite effect i.e. it led to increased AP activity (Kelly et al. 1991) . It is therefore possible that the increase of AP activity observed in experimental animals may rather be an effect of a simple "over" production of the enzyme relative to amount of food in the gastrointestinal tract than a consequence of fasting. According to this hypothesis, despite problems with spontaneous feeding of the quails during weightlessness (observed from video recordings), their food consumption decreased but did not cease as confirmed the presence of the food in their alimentary tract after 5 d of space flight (unpublished observations).
Finally, the present experiment extends also our knowledge on the intestinal function in Japanese quail. The results of the experiment have revealed that the significant increase of AP activity in quails hatched on the orbital station may be attributed, at least in part, to the delayed development of the intestinal function which seems to be due to disturbances in food intake during microgravity. However, additional experiments, especially on the reversibility and significance of these functional changes for further development of the quails are needed to clarify this observation.
Funkãn˘ v˘voj tenkého ãreva japonsk˘ch prepelíc vyliahnut˘ch na orbitálnej stanici MIR
V pokuse bol sledovan˘ vplyv mikrogravitácie na funkãn˘ v˘voj tenkého ãreva u japonsk˘ch prepelíc inkubovan˘ch (2-3) dni a vyliahnut˘ch na orbitálnej stanici MIR. Po 5 dÀovom kozmickom lete aktivita alkalickej fosfatázy (AF) v duodene a jejune experimentálnej skupiny bola porovnávaná s aktivitou enzymu u skupiny rovnako star˘ch kontroln˘ch prepelíc vyliahnut˘ch na Zemi (laboratórna kontrola). Krátkodobá mikrogravitácia spojená so zníÏením príjmu krmiva viedla k signifikantnému zv˘‰eniu aktivity AF v enterocytoch duodena a jejuna experimentálnych zvierat (P < 0.001). V˘sledky poukazujú na to, Ïe zv˘‰ená aktivita AF pravdepodobne odzrkadºuje opozdenf unkãn˘ v˘voj tráviaceho traktu ako dôsledok nedostatoãného príjmu potravy poãas nefyziologick˘ch podmienok kozmického letu. 
